Abstract Remote sensing and geographic information systems (GIS) play a key role in all geospatial aspects of the assessment and management of water resources for inland fisheries and aquaculture. Lake, wetland, and reservoirs are some of the important inland water resources for potential fish production and help improve the rural economy on large scale. Fisheries development perspective reservoirs of the Tarai region are Naitaal, Tumaria, Haripura, Baur, Baigul, Dhaura, Nanaksagar, and Sardasagar, which are located at 28°25 0 -29°55 0 N latitude and 78°18 0 -79°55 0 E longitude. Waterresource assessment such as spread area, water quality, nutrient analysis, chlorophyll content, and other physico-chemica properties may be done through the mapping. Hence, remote sensing and GIS software and images like Landsat-ETM?, Landsat-8 and other multi spectral images utilization at short time frame for potential fishing zone identification, rate of sedimentation, geomorphological changes such as land cover, erosion and accretion in reservoirs as well. Thus it will help in decision making and blueprint preparation for sustainable water resource management at a cost-effective rate. The current review emphasizes the potential of high-resolution satellite images for mapping and analysis of water resources at Tarai region of Uttarakhand.
Introduction
Water is an essential, natural, inexorable, life-sustaining commodity for human beings in day to day life. But nowadays it is becoming inaccessible due to increasing water pollution as a consequence of accelerated industrial and urban growth . The problem of water pollution is one such havoc that has taken the attention of scientists and social activists all round the globe . These days' technology involved in wastewater treatment uses innovative, efficient, and advanced methods. However, these methods need to be economically viable, especially in the rural part of India, e.g. Uttarakhand, to support wastewater management and reuses. Freshwater scarcity is a worldwide challenge for sustainable development. Human interference, inadequate freshwater supply, and inappropriate management are the major causes that lead to more pollutant load to water body and ultimately diminish the water quality. Hence, remote sensing and GIS are decision supporting technical tools that provide spatial and temporal variations in number of water bodies and water spread area (Chowdhury et al. 2009 ). Thus the mapping of fisheries resources would provide pithy information for socioeconomic perspective of sustainable water management with economic returns. Since beginning, GIS and GPS technology facilitates to access natural resource data of remote area for their mapping and management.
Remote sensing technology facilitates the advantage of spatial, spectral, and temporal availability of data covering large and inaccessible areas within a short time. Hence, it has emerged as a powerful tool for assessment, monitoring, and management of water bodies. GIS is a computer-based information system used to digitally represent and analyse the geographic features present on the earth surface and the events (non-spatial attributes linked to the geography under study) that are taking place on it (Jenness et al. 2007) .
Images from Earth-Observation satellites have been used to survey surface water resources, since the early days of the Landsat programme. Several investigators like Best and Moore (1979) also showed that the reliable regional statistical models could be developed to estimate small water body volumes from areas determined with Landsat MSS images. Eckhaedr and Lirke (1988) surveyed water bodies in Colorado with Landsat MSS and Satellite Pour l'Observation de la Terre (SPOT) High Resolution Visible (HRV) images detecting ponds as small as 0.5 and 0.1 ha, respectively.
Furthermore, several scientists preferred the remote sensing and GIS tools for water resources and fisheries management. De Silva et al. (2001) used GIS to integrate fishery yield data, fishing intensity, and landing size together with selected limnological data, such as conductivity and chlorophyll for nine tropical reservoirs in Sri Lanka. They established relations of fish yield to environmental parameters. Further, the National Remote Sensing Centre (2003) , coastal zone management, monitoring of aquaculture activities, ocean colour analysis and phytoplankton concentration, biodiversity management, monitoring of water pollution, mapping, and management of natural resources (marine protected areas, water bodies, coral reefs, sea grasses, mangroves), change detection and monitoring (reservoir, estuaries, coastal areas) are some of the applications of remote sensing and GIS in fisheries (Gaarf et al. 2003; Ghatge 2008; Hui et al. 2008; Salgaonkar 2010) .
The reservoirs are mainly used for irrigation, hydropower generation, and fish production. The average fish production rate in the reservoirs of Uttarakhand is about 25 kg/ha which can be increased up to 200 kg/ha (Sharma et al. 2005) by upgrading the ecosystem management. Economic concern for conservation of water body can be managed through the adoption of fishery that enables to sustain the biological diversity and perpetuation.
Therefore, in the present study an attempt has been made from a fisheries perspective of various water bodies of Tarai region in the Himalayan foothill of Uttarakhand state through remote sensing and GIS techniques.
Over view of the study area Uttarakhand, the newly carved hill state of India, has enormous natural inland water resources in the form of rivers (2700 km), reservoir (24,200 ha), lakes (297 ha), ponds ([2000 ha), etc. Tarai region has highly productive water bodies due to thermostratification and also good soil status of catchment area in Uttarakhand and some parts of Uttar Pradesh (Sugunan 2011) . The man-made lakes (reservoirs) in the Uttarakhand have been constructed in the post-independence period and are located at 28°25 0 -29°55 0 N latitude and 78°18 0 -79°55 0 E longitude. A sample of subset images of the important reservoirs of the Tarai region has been depicted in Fig. 1 . They have slow valley bottoms below 609 msl and have a hot and moist tropical climate, which is influenced by southwest monsoon.
Satellite images
Landsat enhanced thematic mapper plus (ETM?) images (with spatial resolution of 30 m) as well as the original imagery can be viewed online or downloaded (Fig. 2) . These images are freely available for download from the USGS Glovis website (http://glovis.usgs.gov) in the ''GeoTIFF plus Metadata'' format so this will not be an issue of using these images and even the georeferenced images are enable to be easily read by GIS software. Remote sensing data (Landsat ETM? images) were used for the assessment of water resources in the Tarai region.
Softwares used Image processing software
The ERDAS IMAGINE Ò is a large and easy-to-use selection of image processing tools; it both simplifies and streamlines the workflow. Recent geo-coded data can be used to demarcate the ground control points (GCPs) using global positioning system (GPS). Digital data or raw image can be processed using various software like ERDAS IMAGINE 8.6, 8.7, 9.0 versions, ENVI-4.4, 4.7, 4.8 versions, TNT, Ilwis, etc. These data can be geo-rectified with the help of toposheets or image to image rectification. Image rectification and restoration are necessary for removing noise from the image.
Subsets of different water bodies such as lakes, reservoirs, rivers, and ponds can be prepared for the study. Subsets require geo-morphological parameters such as area, perimeter of the water bodies, high chlorophyll concentration, soil erosion and accretion, and suitable site for aquaculture through supervised and unsupervised classification technique and region growing tool in the software.
GIS software
The ArcGIS is worldwide popular desktop mapping and GIS software developed by Environmental Systems Research Institute (ESRI). ArcGIS has great visualisation, query, analysis and integration capabilities along with the ability to create and edit geographic data. Creation of thematic maps and adding data to them is made easy by ArcGIS. Also reports, graphs, etc. can be prepared and displayed instantly from existing databases using the Arc-GIS tools.
Water resources in Tarai region
The man-made lakes and reservoirs in the Uttarakhand have been main water resources for fisheries enhancement and socio-economical development of its surrounding villages. The satellite imagery showing important water resources (reservoirs, river and lake) of Tarai region is been depicted in Fig. 3 . The important reservoirs of the Tarai region are Naitaal, Tumaria, Haripura, Baur, Baigul, Dhaura, Nanaksagar, and Sardasagar. All reservoirs have slow valley bottoms, mostly below 609 m msl, and have a hot and moist tropical climate, which is influenced by southwest monsoon. The soil of the area is generally composed of silty and clayey loam with or without gravels and are rich in nutrients.
The following works have applied the remote sensing technique for study of reservoirs in Tarai region. Nayak et al. (2010) studied on different reservoirs in Tarai region. They used multi-dated satellite images of IRS-P6 LISS III for the year 2004 of the estimated water spread area (WSA) in hector and perimeter (P) in kilometre of reservoirs such as Tumaria (WSA-1604.0; P-57.2), Baur (WSA-1257.6; P-21.7), Haripura (WSA-883.0; P-16.4), Dhaura (WSA-1350.0; P-31.6), Baigul (WSA-1677.8; P-59.3), Nanak Sagar (WSA-1760.3; P-39.3), Sarda Sagar (WSA-4856.0; P-63.2), and Ramganga Sagar (WSA-4486.4; P-204.4).
Ingole (2012) studied on Nanak Sagar reservoir using multi-date remote sensing data (IRS-1C LISS III) which provided the information on the water spread area of the reservoir (Fig. 4) , which was used for computing the sedimentation rate. The revised capacity of the reservoir between maximum and minimum levels was computed using the Trapezoidal formula. The loss in reservoir capacity due to sediment deposition for the period of 45 years (Ingole et al. 2015) . He evaluated the sedimentation and turbidity which are significant contributors to the decline of aquatic organisms. Direct effects at each trophic level are mortality, reduced physiological function, and avoidance; however, decreases in available food at trophic levels also results in depressed rates of growth, reproduction, and recruitment (Argent and Flebbe 1999; Berkman and Rabeni 1987; Ryan 1991; Waters 1995; Ingole et al. 2014) . Kumar (2008) studied on Sarda Sagar reservoir using multi-date remote sensing data (IRS-1C LISS III) and estimated water spread area and sedimentation rate/year (0.26 %) during 1962-2007. Also a modelling was carried out based on criteria of optimum range of all physicochemical properties of the reservoir water to obtain the high productive zone of Sarda Sagar (Fig. 5) . Based on the survey and model, the production potential was calculated as 65 kg/ha in the Sarda Sagar.
Likewise, we can assess the water spread area, water quality (physical-chemical analysis and nutrient analysis; chlorophylls concentration), mapping of suitable area for fishing (Fishing Potential Zone), rate of sedimentation, geomorphological changes (land cover, erosion and accretion) (Kumar et al. 2001) to help the water resources (Rivers, Lakes, Reservoirs), and their fisheries management in Tarai region of Uttrakhand. A sample of subset images of all the reservoirs that come under Tarai region of Uttarakhand is depicted in Fig. 6 .
Conclusion
Advanced technology, remote sensing, and GIS can be used successfully to perform water resources assessment in the Tarai reservoirs using MSS satellite images, where the surface reservoir areacan be a good means to assess the water storage in the reservoir and calculate its life span. Using such technology is helpful to prepare an inventory for a suitable site of cage and pen culture. Explicitly, this paper concludes the key role of that geospatial technology for culture and capture based fisheries and in enhancing the fish production with economic returns of reservoirs as well.
